C
irrhosis is a chronic disease of the liver that leads to a number of complications, some of which may eventually prove fatal. Over the years, some studies have reported that patients with chronic liver disease who have associated autonomic neuropathy respond inappropriately or defectively to major events such as septicaemia and variceal haemorrhage. 1 For more than a century, chronic alcoholics have been known to have peripheral neuropathy. It has been observed that alcoholics with liver damage have higher frequency of neuropathy than those without it. 2 3 There are reports of association of chronic liver disease with autonomic neuropathy. 4 However, conflicting reports have also appeared causing much confusion. 5 The present study was undertaken primarily to investigate autonomic functions in hepatic cirrhosis (in both alcoholics and non-alcoholics), analyse characteristics of patients who develop autonomic neuropathy, and to determine the relationship between severity of liver damage and extent of autonomic function impairment.
PATIENTS AND METHODS
The study was carried out on 20 patients with hepatic cirrhosis (10 alcoholics and 10 non-alcoholics) and 20 age and sex matched controls in the Department of Medicine, University College of Medical Sciences and GTB Hospital, Delhi, India. The diagnosis of cirrhosis was made histopathologically in all except two patients, in whom liver biopsy was contraindicated. In these two patients, the diagnosis was based on clinical examination, laboratory parameters, ultrasonographic findings, and the presence of oesophageal varices. The controls were healthy volunteers with no history of alcohol consumption and normal clinical and biochemical parameters. Subjects who were on drugs known to cause autonomic disturbance and those with a history suggestive of diabetes mellitus, ischaemic heart disease or other medical conditions, which could confound the interpretation of autonomic function tests in relation to cirrhosis, were excluded from the study. A detailed clinical history with special reference to symptoms of autonomic disturbance was taken from each subject and a thorough physical examination including neurological assessment was carried out. All the patients and the controls were subjected to a battery of five standard autonomic function tests as detailed below.
Tests reflecting cardiac parasympathetic damage
• Heart rate response to Valsalva manoeuvre
The subject was seated quietly and then asked to blow into a mouthpiece attached to a manometer, holding it at a pressure of 40 mm Hg for 15 seconds while a continuous electrocardiogram (ECG) was recorded. The manoeuvre was repeated three times with one minute interval in between and results were expressed as:
Valsalva ratio = longest R-R interval after the manoeuvre ÷ shortest R-R interval during the manoeuvre.
The mean of the three Valsalva ratios was taken as the final value.
• Heart rate (R-R interval) variation during deep breathing
The subject was asked to breathe deeply at six breaths/min (five seconds "in" and five seconds "out") for one minute. An ECG was recorded throughout the period of deep breathing and onset of each inspiration and expiration was marked on ECG paper. The maximum and minimum R-R intervals during each breathing cycle were measured with a ruler and converted to beats/min. The results of the test were expressed as the mean of the difference between maximum and minimum heart rates for the six measured cycles in beats/min.
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• Immediate heart rate response to standing
The test was performed with the subject lying quietly on a couch while the heart rate was recorded continuously on an electrocardiograph. The patient was then asked to stand unaided and the point at starting to stand was marked on ECG paper. The shortest R-R interval at or around the 15th beat and the longest R-R interval at around the 30th beat after starting to stand were measured with a ruler. The characteristic heart rate response was expressed by 30:15 ratios.
Tests reflecting sympathetic damage
• Blood pressure response to standing This test measured the subject's blood pressure with a sphygmomanometer while he was lying quietly and one minute after he was made to stand up. The postural fall in blood pressure was taken as the difference between the systolic pressure lying and the systolic blood pressure standing. The test was repeated three times and the mean was calculated.
• Blood pressure response to sustained hand grip
The blood pressure of the patient was taken three times before the manoeuvre. A modified sphygmomanometer was used for sustained handgrip manoeuvre. The patient was asked to grip the inflatable rubber bag and apply maximum voluntary pressure possible. A reading from the attached mercury manometer was taken during maximum voluntary contraction. Thereafter, the patient was asked to maintain 30% of maximum voluntary contraction for as long as possible up to five minutes. Blood pressure was measured at one minute intervals during the handgrip. The result was expressed as the difference between the highest diastolic blood pressure during the handgrip exercise and the mean of the three diastolic blood pressure readings before the handgrip began. Interpretation of tests was based on the works of Ewing and Clarke (table 1) . 6 The patients were categorised as normal, if none of the tests was abnormal; with early parasympathetic damage, if results of one of the three tests of parasympathetic function was abnormal; with definite parasympathetic damage, if two or more of the three tests of parasympathetic function were abnormal; and with combined damage, if one or both the tests of the sympathetic function were abnormal in addition to parasympathetic damage. For the purpose of the above mentioned classification the borderline tests were interpreted as normal.
A scoring system like the one suggested by Bellavere et al was also utilised to assess the extent of autonomic nervous damage. 7 For each test "0" score was given for normal, "1" for borderline, and "2" for an abnormal value. By adding the score of each of the five standard tests of autonomic function, total autonomic function score was determined for every subject. A comparison of frequency of symptoms of autonomic neuropathy was made between cirrhotics and controls, and between alcoholic and non-alcoholic groups. The relation of the presence of symptoms of autonomic neuropathy with abnormal autonomic function tests was determined using the χ 2 test. Comparison of characteristics of patient with and without autonomic neuropathy was done using the same test. A simple set of clinical and laboratory features as devised by Child and Turcotte (later modified by Pugh and named ChildPugh criteria) were used in the study to quantify the severity of liver damage in patients. Scoring is done on the basis of degree of ascites, encephalopathy, hypoalbuminaemia, hyperbilirubinaemia, and hypoprothrombinaemia. The score of each of the parameters in an individual is added to classify a patient as belonging to Child class A, B, or C (table 2). This grading of cirrhosis was originally devised to help select patients with cirrhosis for portal systemic shunt surgery and it has been shown to have prognostic value in several studies.
RESULTS
The present study included 20 age and sex matched patients with hepatic cirrhosis (10 with a history of alcohol intake more than 80 g/day for at least eight years, and the remaining 10 with no history of ingestion of alcohol) and 20 controls (p<0.05). None of our patients was found to have sympathetic dysfunction alone. Parasympathetic damage was found to be always present whenever there was evidence of sympathetic damage (table 3) . The mean of the total autonomic function score was found to be significantly different in patients and controls (p<0.01). The mean (SD) total autonomic function scores in cirrhotic and controls were 5.30 (1.84) and 0.30 (0.57) respectively. Total autonomic function scores in alcoholics, 5.90 (1.73), and non-alcoholics, 4.70 (1.83), were not found to be significantly different (p=1.49). In the present study, nine (75%) out of 12 patients belonging to Child class B had autonomic dysfunction while six (85.7%) of the seven patients belonging to class C had impaired autonomic function. Only one patient with Child class A had early parasympathetic damage (table 4). The mean total autonomic function score was significantly lower (p<0.05) in Child class B (4.58) patients than in those belonging to class C (6.71).
Heart rate response to standing was found to be the most frequently (11 out of 20 patients) abnormal test in cirrhotics. Eight patients had abnormal heart rate response to deep breathing, eight had abnormal blood pressure response to sustained handgrip, and seven patients had an abnormal Valsalva ratio.
Only one patient had clinical evidence of peripheral neuropathy in the study. No significant association between symptoms of autonomic dysfunction and objective evidence of autonomic neuropathy, as assessed by the five tests of autonomic function used, was observed. Five of the eight patients who did not report light headedness on standing had abnormal autonomic function test(s). Moreover, blood pressure response to standing was not abnormal in any patient including those with complaint of light headedness on standing. However, the results of the blood pressure response to standing were in the borderline range for 11 of the cirrhotics.
DISCUSSION
Autonomic nervous dysfunction is a known complication of diabetes 6 8 and alcohol abuse. 9 10 Autonomic damage is expected in some patients with alcohol related cirrhosis since autonomic neuropathy, especially of vagal origin, is seen in chronic alcoholics. 11 Evidence for vagal neuropathy in alcoholic cirrhosis is well established by various studies. 2 12 However, in non-alcoholic cirrhosis there are conflicting reports. 12 13 Only a few published Indian studies are available on the subject. 14 In our study, 16 of the 20 cirrhotics (80%) were found to have an abnormal result in one or more autonomic function tests. However, Barter and Tanner in their study of 30 subjects reported evidence of parasympathetic damage in 16% and of combined parasympathetic and sympathetic neuropathy in an additional 20%. 2 The lower frequency of autonomic dysfunction in their study could be due to the fact that they included only 14 subjects with alcoholic liver disease while the rest had an alcohol dependence problem only. Szalay et al in their evaluation of 121 patients with chronic alcoholism-33 without liver disease, 33 with fatty liver, 33 with cirrhosis, 10 with biliary cirrhosis, and 12 with cirrhosis of another originfound autonomic reflex damage in all. 3 They observed significantly more damage in those with liver disease. Hendrickse and Triger reported cardiovascular autonomic dysfunction with predominantly parasympathetic abnormality in 35% of the patients with chronic liver disease. 15 Hendrickse et al in another study reported vagal neuropathy in 45% of the 60 patients of chronic liver disease studied. 16 The lower frequency of neuropathy is probably due to inclusion of mostly Child class A patients in the study (57 of the 60 patients). Moreover, the study included a heterogeneous group of chronic liver disease patients with varying degrees of liver damage. In the present study, only one patient belonged to Child class A and the rest were class B or C. Gentile et al found autonomic neuropathy in 60% (71% in the alcoholic group and 57% in the non-alcoholic group) of the 113 cirrhotics studied. 17 Like in the present study, alteration of parasympathetic function was significantly more frequent than that of sympathetic function. Dillon et al also detected abnormal cardiovascular reflexes in 60% of 70 cirrhotics. 18 Their study group included as many as 42 patients belonging to Child class A and only 15 patients in class C.
Gonzalez-Reimers et al have remarked in a study that in alcoholics, autonomic and peripheral neuropathy are dependent on each other and there is only weak correlation between liver function and both autonomic and peripheral neuropathy. 5 In the present study no apparent relationship was noticed between autonomic and peripheral neuropathy, and autonomic damage was observed to be more common than peripheral neuropathy. The main object of the present study was to examine autonomic neuropathy and so, while careful systematic clinical examination was done in all the subjects, it is probable that more sensitive electrophysiological measurement would have yielded a much higher proportion of peripheral nerve abnormalities.
In the present study, nine (75%) out of 12 patients belonging to Child class B had autonomic dysfunction while six (85.7%) of the seven patients in class C had impaired autonomic function. Only one patient in Child class A had early parasympathetic damage. The mean total autonomic function score was 4.58 in Child class B and 6.71 in class C. These findings are similar to the observations of most other studies, which reported increasing frequency of autonomic dysfunction with increasing severity of liver damage. Hendrickse and Triger reported a strong correlation between the abnormal tests and Child-Pugh score (p<0.0001). 15 In their study, they found autonomic dysfunction in 69% of Child class B and C patients and 23% in class A patients (p<0.0001). On the contrary, Gonzalez-Reimer et al in their study of 33 alcoholics, 20 of them cirrhotics, found a weak correlation between liver function and both autonomic and peripheral neuropathy.
Statistical comparison of cirrhotics and controls and alcoholics and non-alcoholics revealed that light headedness on standing was significantly more frequent in cirrhotics compared with controls (p=0.001). However, no statistically significant association was noted between other symptoms or signs of autonomic dysfunction. This is similar to the findings of most of the studies available which found poor correlation between symptoms of autonomic neuropathy and objective evidence of autonomic neuropathy as assessed by the autonomic function tests. In our study, no statistically significant difference was observed for various clinical features and laboratory parameters of liver failure between those with and without autonomic neuropathy. This is in contrast to the findings of Hendrickse et al who observed that patients with vagal neuropathy were significantly older and tended to have lower serum albumin than those with normal cardiovascular test. 16 In our study, heart rate response to standing was the most frequently (11 out of 20 patients) abnormal test in cirrhotics. Barter and Tanner in their study noted the heart rate response to standing as the most sensitive test with high specificity. 2 Thuluvath and Triger in their study reported the heart rate response to deep breathing as the most sensitive test. 4 However, it is noteworthy that this test depends on the cooperation of the subject and is, thus not as reproducible as the heart rate response to standing. Gentile et al remarked that deep breathing test and handgrip tests are the most influenced by the compliance of the patient. 17 In the study, they found the deep breathing test and lying to standing (heart rate response) tests to be most altered and the most sensitive and specific tests respectively. In the present study, eight patients had abnormal heart rate response to deep breathing, eight had abnormal blood pressure response to sustained handgrip, and seven patients had an abnormal Valsalva ratio.
Finally, considering the adverse prognostic implications of autonomic neuropathy reported in cirrhotics, further prospective studies involving a larger number of patients are warranted to delineate the factors responsible for the derangement and find remedial measures if possible. 
